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DOUBLE FUNCTION TILTING HEAD
OPHTHALMIC INSTRUMENT

RELATED APPLICATIONS

This application is a national phase application filed under
35USC §371 of PCT Application No. PCT/IL2012/000334,
filing date Sep. 6, 2012, which claims priority to U.S. Provi-
sional Application No. 61/573,120, filing date Sep. 7, 2011.
Each of these applications is herein incorporated by reference
in its entirety for all purposes.

FIELD OF THE INVENTION

The present invention relates to the field of ophthalmic
measurement instruments, especially for use in performing
tonometric and refractive measurements of the eye.

BACKGROUND OF THE INVENTION

In multifunction ophthalmic measurements, where each of
the measurements has to be performed by a separate instru-
ment, there arises the problem of how to mechanically
arrange the instruments such that they can be simply switched
from one to the other when changing the measurement to be
performed. The optical axis of each measurement instrument
must be accurately aligned with the eye to be measured, such
that the problem in hand is not only the physical switching
between one instrument and the other, but also the alignment
of each instrument after it has been switched.

There exist a number of prior art documents which address
this problem. For instance in U.S. Pat. No. 7,364,298, U.S.
Pat. No. 7,515,321 and U.S. Pat. No. 7,771,050, all assigned
to Nidek Co. Ltd., of Japan, there are described arrangements
of ophthalmic apparatus capable of performing a plurality of
eye characteristic measurements, using two separate mea-
surement instruments stacked one on top of the other, which
are moved in a vertical direction by a motion mechanism in
order to switch measurements between them. Those patents
relate to the combination of a tonometer for the measurement
of intraocular pressure in a subject’s eye using a unit blowing
fluid onto the cornea through a nozzle, and an instrument for
measuring the optical characteristics of the eye, in particular
the eye’s refractive power. In U.S. Pat. No. 7,909,462,
assigned to Kabushiki Kaishi Topcon, there is described a
similar combination instrument for tonometric and refractive
characteristics measurements, in which the measurement
heads are aligned side-by-side, and a method is described for
switching between them by withdrawing them in a backward
direction by a minimum distance, to enable the switch
between them to be made in the minimum amount of time.

However, motion of complete measurement heads using
linear motion stages can be a slow and mechanically complex
technique. Furthermore, motion by means of a vertical lift
when a lateral motion mechanism is also required to switch
the measurement systems between the subject’s left and right
eyes may be equally complex. A simpler method of integrat-
ing two or more of such measurement modules into one
instrument, which overcomes at least some of the disadvan-
tages of prior art systems and methods, would therefore be
advantageous.

The disclosures of each of the publications mentioned in
this section and in other sections of the specification, are
hereby incorporated by reference, each in its entirety.

SUMMARY

The present disclosure describes new exemplary systems
for performing multiple function measurements on the eyes
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of'the subject using separate ophthalmic measurement instru-
ments, when it is required to perform the measurements
sequentially by mechanically switching between them. In
contrast to those prior art systems for this purpose, where the
separate measurement instruments are stacked one on top of
the other, and transfer between them is performed by
mechanically moving the stacked instruments in a vertical
direction on a lifting device, in the systems of the present
disclosure, the separate measurement instruments are
mounted on a base element which is rotatably pivoted around
ajoint at a location remote from the optical entry apertures of
the instruments. When the base element is rotated around
such a remote rotation axis, the optical entrance apertures of
the separate measurement instruments pass the subject’s eye
sequentially. Thus a rotational motion around the pivoted
joint is transformed into a linear motion at the eye of the
subject. Such a rotational motion can be achieved by a mecha-
nism substantially simpler, less costly and more compact than
alinear lift mechanism, such as by the use of a stepping motor,
or a worm drive, activated by means of an electric motor. A
worm drive also has the advantage that it is generally
mechanically self locking.

For performing vertical scans across the eye, the rotation
may be achieved by means of a horizontal pivot axis, such that
the tilt is vertically performed, whereas for a side-by-side
configuration, such as is described in U.S. Pat. No. 7,909,462,
the tilting motion can be implemented in a horizontal plane by
means of a vertically aligned pivot axis. It is to be understood
that any other plane of rotation may also be used, though
vertical or horizontal tilting motion are the most practical. It
is understood however, that although the disclosure is gener-
ally described in reference to the vertical tilt motion, it is
understood to be applicable to any plane of tilt desired.

Additionally, another implementation of these systems
incorporates a novel corneal thickness measurement arrange-
ment, using the known Scheimpflug camera principle, in
which the measurement head with the slit beam illuminator
and the camera, is tilted as the scan proceeds across the
subject’s cornea, such that the illuminating slit beam always
impinges on the cornea at normal incidence. This ensures that
the strong corneal reflection cannot enter the camera and
flood out the measurement, and also that any effects arising
from oblique passage of the illuminating slit beam across the
cornea are also eliminated.

There is therefore provided in accordance with one
example implementation, an ophthalmic measurement sys-
tem, comprising:

(1) a first optical measurement module having a first optical
axis, measuring at least a first characteristic of a sub-
ject’s eye,

(ii) a second optical measurement module having a second
optical axis, measuring at least a second characteristic of
a subject’s eye, the second optical measurement module
being vertically juxtaposed relative to the first optical
measurement module, and

(iii) a base element to which the first and the second optical
measurement modules are linked,
wherein the base element has a rotatable joint aligned

such that angular rotation of the joint around its axis
enables either of the first and the second optical mea-
surement modules to be disposed in front of the sub-
ject’s eye.

In such a system, the axis of the rotatable joint should
generally be perpendicular to the first and second optical
axes, and perpendicular to a line drawn between the first and
second optical axes. The axis of the rotatable joint can be
aligned generally horizontally or vertically, depending on the
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direction in which the measurement modules are to be
switched in front of the subject’s eye.

Furthermore, in any of the above-described systems, the
first optical measurement module may be a tonometer, and the
second optical measurement module may be a refractive
power measurement system.

Additionally, the first and the second optical axes may be
either parallel, or the first and second optical measurement
modules may be aligned such that both the first and the second
optical axes pass through the center of the rotatable joint axis.

In all of the above described systems, the axis of the rotat-
able joint should advantageously lie on a line generally par-
allel to the first and second optical axes, and between them.

Yet another example implementation involves an oph-
thalmic system for measurement of corneal thickness of an
eye, comprising:

(1) a pivotally supported pachymetric measurement head
comprising a source generating slit beam illumination
and a Scheimpflug camera arranged at mutual angles,
such that the camera images the passage of the slit beam
through the cornea,

(ii) a scanning mechanism for traversing the pivotally sup-
ported measurement head across the eye in front of the
cornea, and

(iii) a control system for rotating the pivotally supported
measurement head in co-ordination with its scan posi-
tion, such that the slit beam impinges generally normally
on the cornea independently of the scan position of the
measurement head.

In such an ophthalmic system, the scanning mechanism
may comprise a linear motion stage traversing the eye, or a
rotational motion platform pivoted at a point remote from the
measurement head, for traversing the eye. The traversing
across the eye may be performed in a plane having a horizon-
tal or vertical angular orientation, or orientation in any other
selected plane.

BRIEF DESCRIPTION OF THE DRAWINGS

The presently claimed invention will be understood and
appreciated more fully from the following detailed descrip-
tion, taken in conjunction with the drawings in which:

FIG. 1 illustrates schematically a prior art arrangement for
switching between two measurement modules by means of a
vertical motion system;

FIGS. 2A and 2B illustrate an exemplary schematic imple-
mentation of a system for switching between two ophthalmic
measurement instruments by means of a rotational tilt, as
shown in this disclosure, with each of the two drawings show-
ing a different rotational alignment of the system;

FIG. 2C shows one example of a drive system suitable for
actuating the angular tilt required in the systems of FIGS. 2A
and 2B;

FIG. 3 illustrates schematically another implementation of
the system of FIGS. 2A and 2B, but in which the rotational
pivot joint is located on a center line equidistant from the
optical axes of the two measurement instrument modules;

FIG. 4 illustrates schematically another implementation of
the system of FIG. 3, using a base element situated between
the two measurement modules;

FIG. 5 illustrates schematically a further implementation
of the systems of FIGS. 3 and 4, in which the two measure-
ment modules are attached to the base element with each
aligned so that the optical axis of each passes through the axis
of rotation at the rotary pivot joint; and

FIGS. 6A and 6B illustrate a novel goniometric method,
which can use the tilting technique of the present disclosure,
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in order to simplify a scanning pachymetric measurement
over the entire profile of the cornea of the eye.

DETAILED DESCRIPTION

Reference is now made to FIG. 1, which illustrates sche-
matically a prior art arrangement for switching between two
measurement modules by means of a vertical motion system,
such as one of those described in the above referenced pat-
ents—U.S. Pat. Nos. 7,364,298, 7,515,321 and 7,771,050.
The two measurement modules could be an upper module 12,
shown as a tonometric measurement instrument, with the
measurement head optical aperture close to and aligned with
the eye 19 of the subject 11 being measured, and a lower
module 10, which could be a wavefront measurement instru-
ment for measuring the optical characteristics of the eye. The
optical axes of the two modules are also shown in FIG. 1. The
wavefront measurement instrument could also be combined
with other measurements which can conveniently be per-
formed in the same module, such as corneal topography or
corneal thickness measurements. The two measurement mod-
ules are mounted one of top of the other as a single unit, and
are moved vertically in order to bring the optical axis of each
measurement module to the level of the subject’s eye 19. This
motion may conveniently be accomplished by means of a
sliding column 17, mounted within a base section 13, with the
vertical motion provided by a nut and lead screw 16 mecha-
nism, operated by an electric motor 14. Any other convenient
form of vertical mechanical motion may also be used to move
the slide 17 along its vertical axis, such as a scissor-jack
mechanism. Cable bundles 18 exiting from the two measure-
ment modules are used for providing the power supply for
illumination sources within the measurement modules, and
for transferring the measurement information back to the
control system (not shown, but understood to be present in all
of the systems shown in the application, both the prior art
system of FIG. 1 and the exemplary systems shown in FIGS.
2A to 6B). In the above referenced prior art, the tonometer is
in the upper position, possibly since it has to operate closer to
the eye than the wavefront measurement system, and when
the combination system is moved vertically upwards, the
tonometer moves towards the forehead area of the subject
which is generally more receded from position of the eye than
the lower part of the face. However, any combination may be
conveniently used.

Although the mechanical lift arrangement shown in FIG. 1
appears to be reasonably compact, since both of the instru-
ments are shown to be of low height, if'a corneal topographic
measurement facility with a large radius Placido ring illumi-
nation system is built into the refractive characteristic mea-
surements instrument, as described in PCT application No.
PCT/IL.2008/001148 to the assignee of the present applica-
tion, then the required distance between the lower and upper
instrument modules must be larger than that shown schemati-
cally in FIG. 1, leading to a larger range of motion required for
the vertical lift assembly to move from one measurement axis
to the other.

Reference is now made to FIGS. 2A to 2C, which illustrate
an exemplary implementation of a novel system for switching
between two ophthalmic measurement modules, such as
those shown in FIG. 1, without the need of the potentially
complex prior art mechanical vertical lift mechanism shown
in FIG. 1. FIGS. 2A and 2B show the two measurement
modules mounted as previously shown in FIG. 1, one on top
of'the other, but instead of the base being moved vertically to
switch between one and the other, the base element 20 is
equipped at a position remote from the measurement module
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optical entrance apertures, with a remote rotary tilt joint 22,
which can perform limited rotation. One exemplary method
by which this rotary joint can be actuated is shown in FIG. 2C.
By means of this rotation, the optical aperture of either of the
measurement modules can be brought opposite the subject’s
eye 19. In the situation shown in FIG. 2A, the base is aligned
such that the upper measurement module 12, in this example
atonometer, is aligned with its axis opposite the eye 19 of the
subject 11. In the situation shown in FIG. 2B, the rotary tilt
joint has been rotated until the system base is aligned such
that the lower measurement module 12, in this case for a
measurement of the refractive characteristics of the eye, is
aligned with its axis opposite the eye 19 of the subject 11. It
is noted that the eye of each subject is in a fixed vertical
position relative to the chin mount 15, though the eye level of
different subjects may be at different heights. Adjustment of
the height of the chin support can then be used to align the eye
at the same measurement reference height for each subject, as
best as can be done by manual adjustment. The exact height
adjustment can then be achieved by a fine adjustment of the
tilt angle while viewing an image of the eye, in order to center
the pupil for the measurement in hand. This centering can be
done automatically by using a feedback control system using
image processing software to generate the feedback signal to
command rotation of the angular tilt axis until the eye is
centered in the image. Thus, this tilt motion is used to replace
any linear motion fine adjustment for centering the pupil for
any measurement.

In FIGS. 2A and 2B, the base of the complete system is not
shown in order to show more clearly the way in which the
tiltable base element of the measurement modules can oper-
ate, but it is to be understood that the chin support 15 and the
rotary tilt joint 22 and its drive system may both be mounted
on a rigid baseplate for the entire system. A detailed descrip-
tion of an exemplary drive system for the rotary tilt joint 22 as
shown in FIG. 2C, is given hereinbelow.

It is observed that in the exemplary alignment shown in
FIG. 2B, the axis of the wavefront measurement instrument
does not meet the eye normally, and it could be suspected that
this may be a disadvantage of the present system compared
with the prior art linear motion systems. However, since the
subject can roll his/her eye, such an eye rotation action would
ensure that the axis of the eye is parallel to the axis of the
measurement module. For small angles of rotation of the eye,
this effect is done automatically by the eye, so that objects are
viewed optimally. This is particularly so since the refractive
characteristic measurement module can include a fixation
target, in order to control the patient fixation and to eliminate
accommodation. It can also be used to enable an accommo-
dation measurement. However any suitable object, preferably
imaged at infinity, can be used in either of the instrument
modules to ensure that the subject rolls the eye being mea-
sured to align its axis with that of each measurement module.

A further problem which arises with the exemplary
embodiments shown in FIGS. 2A and 2B is related to the arc
traced by the optical input aperture of each instrument,
because of the offset location of the rotary joint 22 relative to
the axes of the measurement modules. Thus, if the tonometer
is correctly distanced from the subject’s eye, as in FIG. 2A,
then rotation of the base element 20 to align the lower refrac-
tive measurement instrument with the eye, as in FIG. 2B, will
result in an increase in the distance of the entrance aperture
from the subject’s eye, such that the entrance aperture may
not be at the correct working distance from the subject’s eye.
This can be compensated for by a predetermined longitudinal
adjustment of the position of the two measurement instru-
ments such that they are in the approximately correct focus
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position for the changed tilt angle, followed by a fine focusing
action of the measurement module involved in order to reach
amore exact imaging position. A feedback mechanism can be
provided which adjusts the focal position of the input lens of
the measurement instrument, according to an algorithm
which ties the focal position to the angular orientation of the
base, such that the measurement instrument is always at its
correct working distance regardless of the angle at which the
base is aligned.

An alternative and simpler solution which assists in reduc-
ing the problem of the dependence of focal distance with
angular displacement is to arrange the rotational pivot joint to
be located on a center line equidistant from the optical axes of
the two measurement instrument modules. Such an imple-
mentation is shown in FIG. 3, where the base element 30 is
provided with a bracket to ensure that the center of rotation of
the rotary tilt joint 22 is equidistant from the two optical axes
of the measurement instrument modules. FIG. 3 shows the
measurement modules in the intermediate position, to show
that the rotatable tilt joint 22 is aligned level with the subject’s
eye 19, and on the center line between the optical axes of the
two measurement modules 10, 12. When making the two
respective measurements, the base 30 will be tilted in either
direction to align the optical entrance apertures of the respec-
tive instrument modules opposite the subject’s eye 19. Alter-
natively, and perhaps more simply, the base element could be
disposed between the two instruments, as shown in FIG. 4,
such that it is naturally equidistant from the two optical axes.
In either of these cases, rotation of the system is symmetrical
about the center line between the optical axes of the two
measurement modules, such that the need for focal length
compensation to maintain each instrument at its correct work-
ing distance is minimized. However, patient movement will
still necessitate active focus adjustment, such that the imple-
mentations suggested here merely reduce the level of refocus
required because of the effect of the tilt mechanism.

However, even in the implementations of FIGS. 3 and 4,
when each measurement module is aligned opposite the eye
of the subject, there is still need for the subject to implement
an eye rotation in order to align the optical axis ofthe eye with
the optical axis of the measurement module. Reference is now
made to FIG. 5, which illustrates schematically an implemen-
tation which avoids these effects. In FIG. 5, the two measure-
ment modules 10, 12 are not attached to the base element with
their optical axes parallel, but rather with each aligned so that
the optical axis of each passes through the axis of rotation at
the rotary pivot joint 22. In such a situation, the optical axis of
the instrument will always be aligned with the optical axis of
the eye under test, regardless of the angle of alignment of the
system and the height of the eye, and without the need of the
subject to roll his eye to the axis of the measurement module
in use at that point of time.

Any of the above described systems using rotary tilt joint
motion provides these systems with a number of advantages
over the prior art linear motion systems. In the first place a
small rotary motion of the rotary tilt joint 22 can provide a
significant controlled essentially linear movement of the
measurement module’s entrance aperture at the subject’s eye,
the relationship between the angular rotation and the lateral
motion depending on the distance L between the tilt axis and
the apertures of the measurement modules, as marked in FI1G.
5 but as relevant in all of the implementations. Therefore,
even measurement instruments having a large height and
therefore spaced at an appropriately large distance from each
other, can be used with a simple rotary joint implementation
as described herewithin. An advantage of such a rotary tilt
system is its compactness and simplicity in comparison to the
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prior art linear lift systems. Therefore, in order to achieve
optimum size advantage, the distance L. should be kept as
small as possible to keep the instrument as compact as pos-
sible.

Secondly, rotary motion to a rotary axis may be signifi-
cantly simpler to provide than the linear motion mechanisms
of the prior art systems. Reference is now made back to FIG.
2C, which shows schematically an exemplary implementa-
tion in which the rotary motion is provided by means of a
worm drive, with the worm gear 26 being attached to the axis
of rotation of the rotary tilt joint, and the worm 25 being
controllably driven by an electric motor 27, which could
advantageously be a stepping motor. Such a worm drive has
the advantage that the gear ratio is generally high, being equal
to the “number of teeth on the worm gear-to-1 for a single
start worm. Since only a small rotation is required, typically
of'a few degrees, and the drive motor may have a high rota-
tional speed, such a high gear ratio is advantageous for this
application. Furthermore, because of the weight of the com-
bination measurement system including the two measure-
ment modules and their base, a significant torque may be
required in order to change its angular orientation, especially
to raise the entire system. Therefore, such a worm drive with
a high gear ratio also assists in converting the comparatively
low torque of the drive motor to atorque suitable for angularly
raising the combination measurement system. Finally, since
such a worm drive is generally a one-way drive, from the
worm to the worm gear (provided, usually, that the tangent of
the worm lead angle is less than the coefficient of friction
between the drive surfaces), the system is self locking with
respect to torque applied from the worm gear, and the weight
of'the combination measurement system will not generally be
able to rotate the rotary tilt joint. However it is to be under-
stood that use of a worm drive is not the only method of
providing rotation about an axis, and that this illustrated
example is not meant to limit the possible methods of imple-
menting such rotary motion. A directly coupled stepping
motor could also be used, or a motor driving a spur gear train,
or any other suitable drive mechanism providing controlled
angular rotation motion. In any event, any such rotary motion
provider is generally simpler and of lower cost than a linear
motion system.

The advantages of the use of a rotary tilt joint in maintain-
ing optimum compactness of the system have already been
mentioned hereinabove. The reduction in the overall level of
motion required by the system, especially with respect to the
rear end of the measurement modules at which the operating
cables are attached, is significant in maintaining compactness
of'the system. In addition, the significant reduction of lateral
motion at the rear end of the measurement modules results in
almost complete elimination of lateral motion of the cable
bundle, and hence longer life time and higher reliability. In
prior art systems, the cables may be subject to chafing by the
constant vertical motion between the two measurement mod-
ules. However, the left to right motion in order to switch
between the subject’s eyes will still need to be maintained and
its effect on the cable bundle will therefore not be canceled.

The use of the rotary tilt joint in the above described sys-
tems essentially replaces the linear motion along one axis by
an angular motion which simulates the linear motion for
small angular displacements. This effect can be used in order
to simplify the scanning operation required when performing
a pachymetric measurement over the entire profile of the
cornea of the eye using a Scheimpflug method. However, it is
to be emphasized that the measurement technique described
can also be performed using direct linear motion of the mea-
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surement head, such that it is not limited to use of the tilting
configurations of the present disclosure.

Reference is now made to FIGS. 6 A and 6B to illustrate this
application. In FIG. 6A, there is shown schematically an
exemplary optical arrangement for measurement of'the thick-
ness of the cornea 60, by illuminating it with an incident slit
beam 62 derived from an illumination source 63, generally
using blue light such as a LED source with a central wave-
length of 450 nm. The lens 61 is shown behind the cornea. The
light scattered by the cornea is imaged by the camera 64, and
the image information, in particular the length of the slit light
scattered by the cornea in its path through the cornea, pro-
vides an indication of the corneal thickness. In order to ensure
accurate imaging methods, and in particular, accurate mea-
surements of the slit image length, the Scheimpflug principle
is used with a tilted camera plane 65 in order to ensure that the
image of the slit lamp beam is focused across the entire
thickness of the cornea. In order to perform such a pachymet-
ric measurement over the entire surface of the cornea, prior art
measurements, such as those described in U.S. Pat. No. 6,286,
958 to G. Koest et al for “Device for the Examination of an
Eye using a Scheimpflug Camera and a Slit Light Projector
for Photographing Slit Images of an Eye”, have used a rotat-
ing slit lamp and camera arrangement. However, this is a
mechanically complex solution. Another solution is pre-
sented in U.S. Pat. No. 5,512,965 to R. K. Snook for “Oph-
thalmic Instrument and Method of making Ophthalmic
Determinations using Scheimpflug Corrections”, where the
slit itself is scanned across the corneal area. This solution
however suffers from a change in the imaged width of the
cornea at different points in the scan due to imaging through
different thicknesses of the cornea. If, on the other hand, in
order to simplify the technique, a simple linear scan across the
cornea is performed, whether by means of a linear motion
stage or by means of the tilt mechanism described in this
application, because of the different path lengths of the light
through the cornea at different lateral points on the eye, the
geometry of the measurement becomes complex, since the
reflected image is determined both by the corneal thickness
which it is desired to measure, and by the different path
lengths of the light resulting from the oblique passages of the
probe beam through the cornea, as a result of which, the
image becomes partially smeared out. For a small part of the
scan in the method used in U.S. Pat. No. 5,512,965, the strong
reflection of the input beam from the corneal surface will be
at such an angle that it will enter the camera thus rendering
some of the scanned images unfit for analysis.

In order to avoid this complication, it is necessary to ensure
that the slit beam illumination always enters the eye normal to
the anterior corneal surface, so that the strong corneal reflec-
tion cannot enter the camera. This is shown in FIG. 6B, for
several different positions ofthe incident light beam 62 across
the corneal surface. Such a normal incidence scan can be
achieved by means of a combination of a linear scan and a
rotation of the measurement head such that it always is
directed approximately normal to the corneal surface as it
scans across the cornea. The base of the measurement head 67
is moved linearly across the height of the eye, as indicated by
the vertical double-headed arrows, while the measurement
head itself 66, containing the slit beam source 63 and the
imaging camera 64, is rotated on a pivot 68, as indicated by
the curved arc double-headed arrows, such that the pachy-
metric imaging measurement is always performed normal to
the corneal surface. The rotation is synchronized with the
position of the scan relative to the optical axis 69 of the eye
and the distance from the eye, to ensure that the correct tilt is
obtained at each scanning point. This can be achieved by
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means of a control system 70 linking the two motions, the
control link being schematically shown in FIG. 6B by the
connecting arrows to the two motions to be co-ordinated, but
being understood to include the elements needed to link the
motions in the desired way—such as sensors or encoders to
determine the position of the two motions, motion systems
such as stepping motors to perform the motion, and the con-
trol circuits themselves to maintain the correct relation
between the linear and rotational positions. This control sys-
tem could be part of the main control system for operating the
complete instrument.

This description assumes that the scanning motion is per-
formed across the height of the eye, but it is to be understood
that the scan can also be performed laterally across the width
of'the eye, in which case, the measurement head rotation has
to be performed around a vertical pivot axis. As previously
mentioned, the linear scan can be performed by any method,
whether by means of a linear motion stage or by means of the
tilt mechanism described in this application, or be another
scanning mechanism which provides the necessary motion of
the beam across the eye.

Although the combination of ophthalmic measurement
instruments described in this disclosure is a commonly used
combination, different combinations are also possible, and
this disclosure is not intended to be limited by this particular
combination of a tonometer, with a wavefront measurement
instrument for characterizing refractive properties of the eye,
with or without measurement of the topography and thickness
of the cornea.

Itis appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown
and described hereinabove. Rather the scope of the present
invention includes both combinations and subcombinations
of various features described hereinabove as well as varia-
tions and modifications thereto which would occur to a person
of skill in the art upon reading the above description and
which are not in the prior art.

What is claimed is:

1. An ophthalmic measurement system, comprising:

a first optical measurement module having a first optical
axis, measuring at least a first characteristic of a sub-
ject’s eye;

a second optical measurement module having a second
optical axis, measuring at least a second characteristic of
a subject’s eye, said second optical measurement mod-
ule being juxtaposed relative to said first optical mea-
surement module; and

a base element to which said first and said second optical
measurement modules are linked,

wherein said base element has a rotatable pivot joint
aligned such that angular rotation of said pivot joint
around its axis rotates said base such that either of said
first and said second optical measurement modules is
rotated into a position in front of said subject’s eye.

2. An ophthalmic measurement system according to claim

1, wherein said axis of said rotatable joint is generally per-
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pendicular to said first and second optical axes, and perpen-
dicular to a line drawn between said first and second optical
axes.

3. An ophthalmic measurement system according to claim
1, wherein said rotatable joint has its axis aligned generally
horizontally.

4. An ophthalmic measurement system according to claim
1, wherein said rotatable joint has its axis aligned generally
vertically.

5. An ophthalmic measurement system according to claim
1, wherein said first optical measurement module is a tonom-
eter.

6. An ophthalmic measurement system according to claim
1 wherein said second optical measurement module is a
refractive power measurement system.

7. An ophthalmic measurement system according claim 1,
wherein said first and said second optical axes are parallel.

8. An ophthalmic measurement system according to claim
1, wherein said first and second optical measurement modules
aligned are such that both said first and said second optical
axes pass through said center of said rotatable joint axis.

9. An ophthalmic measurement system according to claim
1, wherein said axis of said rotatable joint lies on a line
generally parallel to said first and second optical axes, and
between them.

10. An ophthalmic system for measurement of corneal
thickness of an eye, comprising:

a pivotally supported pachymetric measurement head
comprising a source generating slit beam illumination
and a Scheimpflug camera arranged at mutual angles,
such that the camera images the passage of the slit beam
through the cornea;

a scanning mechanism for traversing said pivotally sup-
ported measurement head across the eye in front of the
cornea; and

a control system for rotating said pivotally supported mea-
surement head in co-ordination with its scan position,
such that said slit beam impinges generally normally on
said cornea independently of the scan position of said
measurement head.

11. An ophthalmic system according to claim 10, wherein
said scanning mechanism comprises a linear motion stage
traversing the eye.

12. An ophthalmic system according to claim 10, wherein
said scanning mechanism comprises a rotational motion plat-
form pivoted at a point remote from said measurement head,
for traversing the eye.

13. An ophthalmic system according to claim 10, wherein
said traversing across the eye is performed in a plane having
a horizontal or vertical angular orientation.

14. An ophthalmic system according to claim 10, wherein
said traversing across the eye is performed in a plane having
an angular orientation other than horizontal or vertical.
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